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ABSTRACT Conventional plastics derived from the fossil fuels pose a threat to the global environment due to their non-degradable nature. To satisfy the environmental imperatives, novel non-petroleum plastics are being developed that are biodegradable besides retaining the desired properties of conventional plastics. Polyhydroxyalkanoates (PHAs) are the polyesters that accumulate as granular inclusion bodies in a large variety of bacteria usually under biotic stress. Approximately 300 different types of bacteria synthesize and accumulate PHAs. Because of their inherent degradability, PHAs are regarded as an attractive source of non-polluting plastics and elastomers that can be used for specialty and commodity products. Of all the PHAs, Poly (3-hydroxybutyarate) (PHB) has attracted considerable interest as a candidate for the biodegradable and biocompatible plastics. Streptomyces species are Gram positive soil bacteria. Streptomyces DNA is known to have the highest G+C content (>70%) and displays a complex life cycle, which often culminates in the spore formation. They are known to produce > 50 % of the presently known naturally occurring antibiotics as secondary metabolites besides other products. Because of their well studied down stream processing they are considered to be the model organisms both at academic and industrial levels. In our laboratory at National Chemical Laboratory, Pune, India, a sub-genomic library of the Streptomyces aureofaciens NRRL 2209 partial Sau3A I digested g-DNA was constructed in pGEM-3Z plasmid vector for screening PHB biosynthesis genes. The main features of the present thesis are: 1. Isolation and cloning of PHA synthesizing genes and characterization of PHA. 2. Sequence analysis of a 5.0 kb genomic DNA fragment from S. aureofaciens NRRL 2209. 3. Characterization of pha 'C' gene involved in PHB biosynthesis of S. aureofaciens. 4. Screening for the depolymerase gene in S. aureofaciens NRRL 2209. 
1. Isolation and cloning of PHA synthesizing genes and characterization of PHA S. aureofaciens Sau3A I sub-genomic library in E. coli JM109 was screened for the PHB biosynthesis genes using R. eutropha phaC, phaB and phaA genes. Three positve clones were selected. The signals obtained using phaA Re probe were of low intensity. Based on the intensity of the signals for phaC and phaB genes, a clone designated as pSa240 harboring a 5.0 kb g-DNA fragment of S. aureofaciens was identified. pSa240 was grown in basal medium supplemented with different carbon sources. Irrespective of the carbon source used, the cells accumulated maximum amounts of PHA in ~ 40-42 h. Maximum PHA accumulation of 60-66% of dry cell mass was obtained in basal medium supplemented with 1% glycerol. This was 20-25 times higher than the PHA accumulation obtained in the native S. aureofaciens which accumulated ~ 2.4% of PHA. The possibility of methylglyoxal pathway involved in the PHB biosynthesis in recombinant E. coli has been shown. The clone pSa240 was stained with Nile Blue A and observed under fluorescent microscope. The cells showed a characteristic orange fluorescence at 460 nm. Physical characterization of PHA by GC and FTIR revealed the PHA to be PHB. 1H NMR of the purified PHB showed peaks typical to the isotactic PHB homopolymer. TGA ad DSC analysis showed the polymer to be degrade rapidly between 250 and 340?C. Molecular weight of the PHB was found to be 3 x 105. PHB granules were found to be of uniform spherical shape with an average diameter of 1.1 mm. 
2. Sequence analysis of a 5.0 kb genomic DNA fragment from S. aureofaciens NRRL 2209. The 5.0 kb insert in pSa240 was subjected to automatic sequencing and the complete sequence was found to be 4826 bp. This was deposited with Genbank under the accession No. AY032926. The sequence was found to be 74.6% mol G+C rich. The restriction analysis of the sequence was in conformity with the one generated earlier. A total of 23 ORFs coding for 10 putative genes were identified using Frame Plot ver. 2.3.2. None of the ORFs except ORFs 5, 13, 17 and 23 showed sequence similarity to any of the well characterized genes in the databanks. ORF 1, however, did possess a lipase box found in all the phaC genes. The Cysteine residue present in the active site was replaced by Serine in ORF 1. D518 and H546 forming a catalytic triad were also identified. This ORF had all the attributes of phaC gene. This showed sequence similarity of 52.3% to the 1.0 kb Nco I / Stu I fragment of R. eutropha. ORF 2 showed a NADP binding site at its 5' end indicating it to be putative phaB Sa. This showed a sequence similarity of 50.9% to the 0.74 kb Xcm I / Nde I fragment of R. eutropha. Putative promoters regions, RBS sites and transcription termination sites have been identified for both the ORFs. No ORF could be assigned b-ketothiolase function. Interestingly ORF2 is found to be within the ORF 1 but in a different frame. The presence of a rare tRNA for leucine implied it be temporally regulated. ORF 13 and ORF 9 encoding a ~17 kDa protein showed 99.37% sequence similarity to the ssgA and Bifidobacterium DNA binding protein genes respectively. A promoter region, RBS site and a transcription termination region were also found for these ORFs. 
3. Characterization of pha 'C' gene involved in PHB biosynthesis of S. aureofaciens. To assign a possible role to the various ORFs present on the 5.0 kb insert of pSa240, twelve deletion clones were constructed. They were grown in basal medium for PHB accumulation. Their crude cell free extract was assayed for b-ketothiolase, acetoacetyl-CoA reductase and synthase enzyme activities. A protein gel of the crude extracts was run. From all the above experiments it became evident that ORF(s) present downstream of 2705Pvu II site were playing an important role in PHB biosynthesis. Furthermore, the experimental results confirmed the ssgA gene product to play a key role in the high PHB accumulation. Complementation of putative phaC Sa in a clone harboring the phaAB Re accumulated PHB thus, confirming the 2.7 kb EcoR I-Pvu II fragment of the 5.0 kb insert to harbor the phaC Sa gene. However, minimal amount of PHB was accumulated despite the presence of genes requires for PHB biosynthesis. This substantiated the view that a trans acting element like SsgA present downstream of the 2.7 kb fragment took an active part in the PHB synthesis. Gene reconstruction studies showed that S. aureofaciens has only a single copy of the phaC gene. 
4. Screening for the depolymerase gene in S. aureofaciens NRRL 2209. In S. aureofaciens NRRL 2209 accumulation of PHB aoccurs at the late log phase and the percentage of PHB accumulated decreases with onset of stationary phase. Based on the above fact it was assumed to possess an intracellular PHA depolymerase. Also, considering the soil habitat it is likely to possess an extracellular depolymerase. Attempts made to identify and isolate extracellular PHA depolymerase gene(s) by various methods yielded no results. Hybridization of the S. aureofaciens g-DNA with an oligoZ designed on the basis of consensus depolymerases gene sequences gave no positive signals and ruled out the possibility of S. aureofaciens to possess an extracellular depolymerase. Hybridization of the S. aureofaciens g-DNA slot blot with a 1.0 kb fragment of R. eutropha intracellular depolymerase gene gave a positive signal indicating the presence of an intracellular depolymerase (i-depolymerase). Genome reconstruction studies revealed S. aureofaciens to possess a single copy the i-depolymerase homologous to R. eutropha i-depolymerase gene. Research Student (T. V. Naga Ramachander) (Senior Research fellow) 
  	 


